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EFFECT OF POWER ON THE STICK-FIXED NEUTRAL POINTS 

OF SEVERAL S I N G L E - E N G I N E  MONOPLARES AS 

DETER81 INED I N  FL IGHT 

By Maurice D. White 

The e f f e c t  of power on the v a r i a t i o n  of s t i c k -  
f€xed n e u t r a l  po in t  wi th  l i f t  c o e f f i c i e n t  i s  presented 
f o r  s e v e r a l  single-engine monoplanes. 
made w i t h  power o f f  and with ra t sd ,  climbing, o r  wave-off 
power and with f l a p s  neu t r a l  and d e f l e c t e d .  
show that w i t h  power o f f  and f l a p s  n e u t r a l  o r  d e f l e c t e d  
the n e u t r a l  po in t  remained f ixed  o r  s h i f t e d  rearward 
w i t h  i nc reas ing  l i f t  c o e f f i c i e n t ,  With power on, the  
n e u t r a l  po in t  u s u a l l y  s h i f t e d  forward of the power-off 
l o c a t i o n .  With f l a p s  neu t r a l  and f o r  l i f t  c o e f f i c i e n t s  
up t o  1.2, the maximum forward s h i f t  of the n e u t r a l  
po-int, w i t h  r e spec t  t o  the power-off l o c a t i o n  a t  l o w  
l i f t  c o e f f i c i e n t s ,  was 4 t o  5 percent  of the inean aero- 
dynamic chord (M.A.C.) i n  m o s t  cases  and 8 percent  i n  
one case ,  For l i f t  c o e f f i c i e n t s  from 0.6 t o  1.8, the 
maximum s h i f t  o f  n e u t r a l  Doint due t o  power and f l a p  
d e f l e c t i o n  was about 7 percent M.A.C. forward of the  
l o c a t i o n  f o r  low l i f t  c o e f f i c i e n t s  w i t h  power o f f  and 
f l a p s  n e u t r a l .  

The t e s t s  were 

The r e s u l t s  

INTRODUCTION 

! *  

L .  

General p r a c t i c e  i n  designing the  h o r i z o n t a l  t a i l  
of an a i r p l a n e  has been t o  design f o r  l o n g i t u d i n a l  
s t a b i l i t y  i n  the power-off condi t ion and t o  allow f o r  
the e f f e c t  of power. Available f l i g h t  data on the 
e f f e c t s  of  power on long i tud ina l  s t a b i l i t y  have been 
analyzed t o  ob ta in  an ind ica t ion  of the magnitude of  
these  e f f e c t s  on e x i s t i n g  designs. 
shows the e f f e c t  o f  power on the s t i c k - f i x e d  n e u t r a l  
po in t  f o r  s e v e r a l  single-engine monoplanes w i t h  f l a p s  
n e u t r a l  and de f l ec t ed .  

The present  r epor t  

. - 
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The r e s u l t s  repor ted  h e r e i n  a l s o  i n d i c a t e  the e f f e c t  
of power on the s t i c k - f r e e  n e u t r a l  points, s ince  the  
s t i ck - f r ee  n e u t r a l  po in t s  a m  u s u a l l y  s h i f t e d  from the  
s t i ck - f ixed  n e u t r a l  points bp a f a i r l y  uniform amount 
that  i s  no t  g r e a t l y  a f f e c t e d  by power, 

The r e s u l t s  obtained i n  f l igh t  t e s t s  of s e v e r a l  
single-engine monoplanes are shown i n  f i g u r e  2 f o r  
f l a p s  n e u t r a l  and i n  f i g u r e  3 f o r  f l a p s  de f l ec t ed .  

DETERMINATION OF STICK-FIXED NEUTRAL POINTS 

The procedure f o r  eva lua t ing  the  #tick-fixed n e u t r a l  
po in ts  from f l i g h t  d a t a  i s  i l l u s t r a t e d  i n  f i g u r e  1 w i t h  
the  d a t a  f o r  one of the a i r p l a n e s  included i n  the  present  
repor t .  The v a r i a t i o n  of e l e v a t o r  t r i m  angle with l i f t  
c o e f f i c i e n t  a s  determined i n  s t r a i g h t  and s t eady  f l i g h t  
i a  f i r s t  p l o t t e d  f o r  each o f  the  cen te r -o f -g rav i ty  
loca t ions  a t  which t e s t s  were made ( f i g .  l ( a ) ) .  The 
s lopes of the  curves of f i g u r e  l ( a )  a t  a given l i f t  
c o e f f i c i e n t  a r e  p l o t t e d  a g a i n s t  the corresponding center -  
of-gravi ty  l o c a t i o n  (fie;. l(b) ) , By e x t r a p o l a t i o n  o r  
i n t e r p o l a t i o n ,  t h o  n e u t r a l  p o i n t  i s  determined as the 
center -of -gravi ty  l o c a t i o n  a t  which the s lope  becomes 
zero and thus  i n d i c a t e s  n e u t r a l  s t a b i l i t y .  The var i -  
a t i o n  o f  s t i c k - f i x e d  n e u t r a l  p o i n t  with l i f t  c o e f f i c i e n t  
obtained by t h i s  procedure i s  shown i n  f i g u r e  l ( c ) .  

The accuracy o f  the method ou t l ined  f o r  ob ta in ing  

1 
2 

n e u t r a l  po in t s  i s  d i f f i c u l t  t o  s t a t e  p rec i se ly .  For 
the  present  d a t a ,  the s t i c k - f i x e d  n e u t r a l  p o i n t s  a r e  
bel ieved t o  be accura te  within approximately *l- percent  
mean aerodynamic chord ( ? i . A . C .  ). The accuracy of such 
d a t a  may, o f  course,  be improved by m a k i n g  the t e s t s  a t  
cen ter -of -gravi ty  l o c a t i o n s  c lose  t o  the n e u t r a l  po in t  
and by i nc reas ing  over the minimim o f  two the number o f  
cen ter -of -gravi ty  l o c a t i o n s  i n v e s t i g a t e d .  The need for 
accuracy a p p l i e s  a l s o  i n  the  determinat ion of the  center -  
of -gravi ty  l o c a t i o n s ;  i n  f i g u r e s  l ( a )  a n d l ( b )  the center -  
of -gravi ty  l o c a t i o n  denoted 28.0 percent  M.A.C. appears 
t o  be s l i g h t l y  i n  e r r o r .  

RESULTS AND DISCUSSION 



The v a r i a t i o n  o f  s t i ck - f ixed  n e u t r a l  po in t  w i t h  l i f t  
c o e f f i c i e n t  i s  shown f o r  these a i r p l a n e s  w i t h  power 
o f f  and w i t h  r a t ed ,  climbing, o r  wave-off power. 
Sketches of  the a i r p l a n s s  t o  which ,the d a t a  apply  ape 
a l s o  shown i n  f i g u r e  2 and p e r t i n e n t  dimensions a r e  
given lh t a b l e  I. 

l a g s  neutral.- The r e s u l t s  shown i n  f i g u r e  2 
hdic!te t h a t ,  i n  genera l ,  with power o f f  and f l a p s  
neutral ,  the  n e u t r a l  po in t  e i t h e r  remained f ixed  o r  
s h i f t e d  rearward w i t h  i nc reas ing  l i f t  c o e f f i c i e n t .  
Present  design procedures, which permit reasonably 
accura te  p red ic t ion  o f  the power-off n e u t r a l  po in t s  at 
low lift c o e f f i c i e n t s  ( o f  the order  of CL = 0 . 2 ) ,  
should therefore  be conservat ive f o r  s ingle-engine 
monoplanes i n  the power-off condi t ion  w i t h  f l a p s  n e u t r a l .  

The n e u t r a l  Doints with r a t e d  or  c l inb ing  power 
and f l a p s  n e u t r a l  ( f i g .  2 )  were u s u a l l y  forward o f  the 
power-off l oca t ions  by amounts t h a t  tended t o  increase  
wi th  inc reas ing  l i f t  c o e f f i c i e n t .  The power-on values 
appeared t o  f a l l  within f a i r l y  well-defined l i m i t s  with 
r e s p e c t  t o  the power-off values a t  low l i f t  c o e f f i c i e n t s .  
Over t h e  e n t i r e  range of l i f t  c o e f f i c i e n t  considered 
(CL from 0.2 t o  1.2), the n e u t r a l  po in t s  w i t h  power on 
g e n e r a l l y  d i d  n o t  sh i f t  more than t o  5 percent  M.A.C. 
forward of the power-off l o c a t i o n  corresponding t o  low 
l i f t  c o e f f i c i e n t s ;  i n  on ly  one case d id  the  power-on 
n e u t r a l  po in t  sh i f t  forward as  much as 8 percent  M.A,C, 

Flaps def lec ted . -  The r e s u l t s  of t e s t s  w i t h  f l a p s  
d e f l e c t e d  f o r  s e v e r a l  of the a i r p l a n e s  a re  presented i n  
f i g u r e  3;  d a t a  a re  presented f o r  values o f  CL 
t o  1.8. No d a t a  were ava i l ab le  f o r  a i r p l a n e s  1, 2,  and 3 .  

from 0.6 

As i n  the case o f  f l a p s  neut ra l ,  the n e u t r a l  po in t  
w i t h  f l a p s  de f l ec t ed  and power o f f  remained f ixed  o r  
s h i f t e d  rearward with inc reas ing  l i f t  c o e f f i c i e n t .  With 
power on, the  n e u t r a l  point  was u s u a l l y  forward of the 
power-off l o c a t i o n  by  anounts ranging from 0 t o  12 per- 
cen t  M.A.C. and remained constant  throughout the range 
of  l i f t  c o e f f i c i e n t .  With f l a p s  d e f l e c t e d ,  the m a x i m u m  
forward sh i f t  of  the  power-on n e u t r a l  po in t  w i t h  r e spec t  
t o  the l o c a t i o n  corresponding t o  low l i f t  c o e f f i c i e n t s  
w i t h  f l a p s  n e u t r a l  and power o f f  w a s  about 7 percent  h7.A.C. 
This  sh i f t  w i l l  be noted t o  be l e s s  than  the s h i f t  of 
8 percent  I1l.A.C. t h a t  was obtained with one of the a i r -  
p lanes  w i t h  f l a p s  %ut . ra l*and  p wer on. Ud 
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CONCLUSIOETS 
, ,N ln l r  ~ , ~ / o ~ C t . j + , r ~ + . . ~ ~ ' c  7 c 1  A @ ! / - / - ' -  - ' A , '  

, '-: , I  lc ,' ,e.' ", .? r 1 '2 = ,r 1 - r Y r c ?  

A 'study of a v a i l a b h  flight data on the e f f e c t s  of 
power on th.e s t i ckdf ixed  n e u t r a l  po in t s  of single-engine 
monoplanes w i t h  f l a p s  n a u t r a l  and d e f l e c t e d  ind ica t ed  
the fol lowing conclusions: 

1. With power off, the n e u t r a l  po in t s  gene ra l ly  
remained f i x e d  o r  shifted rearward w i t h  i nc reas ing  lift 
c o e f f i c i e n t  . 

2,  With power on, the n e u t r a l  po in t s  were forward 
o f  the power-off l o c a t i o n s  by amounts t h u t  tended t o  
increase  with inc reas ing  l i f t  c o e f f i c i e n t .  With f l a p s  
n e u t r a l  the most forward l o c a t i o n  of the n e u t r a l  po in t  
w i th  power on was u s u a l l y  wi th in  4 t o  5 percent  mean 
aerodynamic chord ( M . A . C .  ) forward of the power-off 
l o c a t i o n  correspondlng to low l i f t  c o e f f i c i e n t s ;  i n  
o n l y  one case was the power-on n e u t r a l  po in t  s h i f t e d  
fo rwmd as much as  8 Dement M.A.C. The most forward 
sh i f t  o f  n e u t r a l  po in t  due t o  power m d  f l a p  d e f l e c t i o n  
was about 7 percent  ?'.A.C. f r o n  the l c c a t i o n  f o r  low 
l i f t  c o e f f i c i e n t s  wi th  f l a p s  n e u t r a l  and power o f f  . 
. I" 

Langle y Memorial Re ronaut 11 cal Laboratory 
National Advisory Committee f o r  .Aeronautics 

Langley F ie ld ,  V a .  
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Aisplana 

1 

2 

3 
4 
5 
6 

7 
8 

-- 

Airplane 

1 

2 

3 
4 
5 
6 

7 
8 

Gross 
w e i g h t  

LI tested 
( la) 

6 #400 

7,800 

7#500 
7,700 

12,300 
13,000 

5,800 

11,300 

~- -_- 

'repeller 
d l  am8 tor 

( f t )  

11.0 

11.1 

10.5 

10.4 

12.0 

13.0 

3.0 

13.1 

TABLE I 

DESCRIPTION OF AIRPLANES TESTED 

ling span 
( f t )  

37.3 
38.3 

37.0 
34.0 

49.7 
54.2 

39.0 

42.8 
___-- 
T------ 

3orizont.l 
t a l l  a n a  
(sp it) 

-- 

48.3 
45.2 
41.4 
40.0 

107 04 
110.8 
63.6 

77.8 

- 

r -- 

T a l l  length, 
L/& M.A.C. t o  
,levator hinge 

line 
(it) 

18.1 
17.1 
17.2 
16.9 
20.9 

24.1 
17.0 
20.4 

--1 

3ated 
mglne 
power 
(hp 1 

838 

1050 
1000 

1000 

15 00 

a50 
85 0 
1600 

l p l l  I; T.E. 

l p l i t  T.E. 

l p l l t  T.E. 

I p l l t  T.E. 

Slottad 

I 0.55 

59 
.68 

.59 

65 
a 

Flap span includes meotion through fuselage not  aotu8l ly  copbred by 
f lap8 . 
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